Abstract-The important step in fingerprint matching is the reliable fingerprint recognition. Automatic fingerprint recognition system relies on the input fingerprint for feature extraction. Hence, the effectiveness of feature extraction relies heavily on the quality of input fingerprint images. In this paper adaptive filtering in frequency domain in order to enhance the fingerprint image is proposed. Enhancement of the original fingerprint image is obtained by histogram equalization of the Gabor filtered image.
INTRODUCTION
The important step in fingerprint matching is the reliable fingerprint recognition. Automatic fingerprint recognition system relies on the input fingerprint for feature extraction. Hence, the effectiveness of feature extraction relies heavily on the quality of input fingerprint images. Several stages of processing take place when an Automated fingerprint identification system (AFIS) is used to match an unknown fingerprint [2] . 1) The fingerprint is first enhanced to remove noisy and any irrelevant information.
2) The enhanced image is then encoded into a form suitable for comparison with the records held in the database. The encoded data consists of various key information of the fingerprint image like its minutiae. 3) Matching is then performed by comparing the encoded record against those held in the database. 4) Verification stage is performed wherein a fingerprint expert visually compares the unknown print with the candidates' fingerprints.
Enhancement stage yields the information required for the later stages. Hence the performance of the entire AFIS depends on the enhancement stage.
II. NEED FOR FILTERING
Fingerprint is a pattern of ridges and valleys. Two most prominent local ridge characteristics, called minutiae, are: (a) Ridge ending (b) Ridge bifurcation These minutiae can be used for manual or automatic fingerprint identification. These characteristics of fingerprint images are shown in Fig 1 [1] .
By applying a bank of Gabor filters [7] on input fingerprint images, orientation field from a set of filtered images can be estimated.
A. Image Enhancement
Original image is shown in Fig 2. Image enhancement [18] operation improves the quality of the image and it can be used to improve the image contrast and brightness characteristics, reduce its noise content, and/or sharpen its details. Image enhancement techniques may be grouped as either subjective enhancement or objective enhancement. Figure 1 . A fingerprint image with marked singularities, minutiae and the frequency spectra corresponding to the local regions. [1] Image enhancement falls into two broad categories: Spatial domain technique and frequency domain technique. Spatial domain refers to the image plane itself, where approaches 
B. Orientation method used in this paper
The method used in this paper for estimating the orientation of the image has been described in detail.
LRO (Local Ridge Orientation)
The value of LRO at each pixel (i.e. the orientation image) is required as parametric input to the filter. Since determining LRO reliably can be computationally demanding, it may not be feasible to estimate LRO directly for every pixel. The approach is to determine LRO at a square grid spaced (say) 16 pixels apart, and obtain intermediate values by interpolation. An alternative, equally acceptable approach is to use a faster but perhaps less reliable algorithm to estimate orientation at every pixel position and to smooth the resultant orientation image [11] . Either approach can of course be used in conjunction with the filter.
Other researchers have worked with LRO values determined as one of four [16] where W i (x,y) is the data inside the window at angle θ i . When the window is aligned with its x-axis perpendicular to the ridges, one expects maximum variation of the projection, since ridges are crossed as x varies (Fig 4) . Alignment of the x-axis along the ridges should lead to minimum variation. This is illustrated in Figure 5 . A second order Butterworth band pass filter removes the noise from the projections. The total variation V i of each filtered projection is evaluated as:
The LRO estimate is given by i max Π/l6, where V imax is the maximum of the 16 variations. This algorithm produces the correct value except in the noisiest regions. A simple model has been developed describing the behavior of LRO, and incorrect estimates can be dealt with by reference to this model.
C. Gabor Filter
In this section the Gabor filter is reviewed. The Gabor filter was originally introduced by Dennis Gabor. The onedimensional Gabor filter [7] is defined as the multiplication of a cosine/sine (even/odd) wave with Gaussian windows, as follows, Figure 5 . Projections of a window of fingerprint image data. The projections which exhibit the greatest variation correspond to the orientation of the ridges within the window (here). Eight projections are shown here [2] . where ω 0 defines the center frequency (i.e., the frequency in which the filter yields the greatest response) and σ is the spread of the Gaussian window. The power spectrum of the Gabor filter is given by the sum of two Gaussians centred at ±ω 0
Gabor demonstrated that the complex Gabor filter is given by, exp x 2σ 2 . exp j 2πxω The Gabor filter is extended to two-dimensions in [7] .
D. Results
The results showing the Gabor filtered image and the histogram of the images are given in Fig.6 (a) 
CONCLUSIONS
In this paper Gabor filter is used for fingerprint enhancement technique. Because of its frequency and orientation selective properties it is efficient for fingerprint enhancement. A window of size 32 by 32 pixels is centered at the point where the LRO is to be found. This window is rotated to 16 different orientations. The projections which exhibit the greatest variation correspond to the orientation of the ridges within the window. Enhancement of the original fingerprint image (Fig.2) can be clearly observed in Fig.6e .The primary advantage of the approach is improved translation and rotation invariance. 
